Nowadays, in vegetable production, biological pest control practices are recommended to prevent human health and environmental damage even though there has been lacking of economic information. Therefore, the study examined the economic dimension of biological and chemical control measure and aimed to reveal the link between production efficiency and biological pest control practice. Research data were collected from randomly selected 51 farms implemented chemical pest control practice, and 52 farms implemented biological pest control practice by using questionnaire. Cluster analysis was performed to select similar farms from two different groups. Data envelopment analysis (DEA) was used to calculate the efficiency measures such as technical efficiency, allocative efficiency and economic efficiency. Research results showed that farms implemented in biological pest control in pepper production had better technical efficiency and economic efficiency scores comparing to tomato ones, while the reverse was the case for allocative scores. Farms focused only pepper production, implemented biological pest control had better technical efficiency scores compared to chemical ones. Research results also showed that biological pest control in tomato was excessive net profit, biological control costs and pesticide use in greenhouse, while the reverse was the case for pepper. Farmers would increase their technical efficiency if they improve their skills via participating the extension and training programs.
Introduction
In the world, physical and chemical degradation has occurred in the soil due to excessive input use. The biological pest control is alternative methods developed for struggling with this problem. Biological pest control is based on the use of organism against harmful organism causing economic losses to reduce with the population density of another organism (GTHB, 2015) . Greenhouses has covered 63.521.430 hectares of land in Turkey. Vegetables have been produced in 1.071.020 hectares of land. %28 of Turkish vegetable production have been produced in Antalya (TUIK, 2016) . Environmentally friendly production methods are widely used in the research area. In the research area, biological pest control have been concentrated in three districts, which are Çavdır, Kınık and Ova. Since biological pest control is common and crop diversification is satisfactory level in 3 districts of Kaş, these districts are selected as a research area. The study intended to test the hypotheses of whether biological pest control had any effect on net farm income, or not. The share of pest control costs in total production costs and the effects of agricultural subsidies on farm income were also examined in the study.
The biological pest control methods, which are used to prevent illnesses and losses that happen in harmful weeds and they are not only appropriate for sustainable agriculture methods, but also sensitive to the environment, human and animal health. In literature many previous studies have focused on microbial factors such as bacteria, virus and fungus causing illnesses on plants and facilities of biological pest control against the harmful organism in one side (Çeliker, 1994; Ulukuş et al, 1997; Aktete et al, 1997; Tozlu, 2008; Öztürk and Ulusoy, 2011; Polat and Cosķuntuna, 2014; Yigȋt et al, 1994; Öncüer et al, 1994; Çiftçi et al, 1995; Pal and Gardener, 2006) . On the other side, some researches have conducted several studies to explore adverse effects at pesticide to environment and human health (Zengin, 1997; McFadyen, 1998) . There have been also some studies that use viruses, bacteria's, rickettsia's, fungus, protozoa and nematodes as microbial war factors against the illnesses and pests (Datnoff et al, 1995; Eken and Demirci, 1997; Kedici and et al, 1998; Gökçe and Er, 2002; Akyazı and Ecevit, 2006; Tozlu et al, 2010; Erdoğan, 2015; Aydın, 2015) . However, the information related to the economic effects of following biological pest control measures on the farms was very limited in literature. Greenhouse farming required intensive healthy technical and economic information about vegetable production. Farmers have faced with risk when making decision related pest control. In general farmers were not comfortable when deciding to apply biological pest control due to emitted scientific information related tradeoff between biological and chemical pest control. In addition, the link between the production efficiency and the application of biological pest control measures was not clear. Therefore, the study examined tradeoff between biological and chemical pest control and the link between the efficiency measures and biological pest control application.
Materials and Methods

Research area
The research was conducted in the Kaş district of Antalya, Turkey. Kaş (pronounced 'Kash') is a district of Antalya Province of Turkey, 168 km west of the city of Antalya. There are 5 villages and 48 villages in Kaş district of Antalya province. The map of the research area is depicted in Figure 1 . The total agricultural land in Kaş is 22536 hectares. The irrigable area is 1225 hectares. Irrigated land allocated to cereals (8300 ha), edible legumes (1005 ha), industrial plants (100 ha), oil seeds (1790 ha), tuber plants (10 ha) and fruit (1659 ha). The production area under cover consists of 5,1 hectares of glass greenhouses and 2,8 hectares of plastic greenhouses. It is allocated to tomatoes (0,7 ha), peppers (0,6 ha), aubergine (0,2 ha), and cucumbers (0,1 ha). The tomatoes production is 330,000 tons per year, while that of pepper is 50,000 tons (TUIK, 2016) . 
Research data
Research data were collected from randomly selected 51 farmers out of 1080 farmers who implemented chemical pest control practice and 52 farmers who implemented biological pest control practice in the villages of Çavdır, Ova and Kınık by using face-toface questionnaire during the production period of 2015. When calculated the optimum sample size, the precision level and confidence level were 10% and 99%, respectively. The variables measured in the study were divided into two broad groups such as farmer's characteristics (age, education level, farming and greenhouse cultivation experience and working time at farm), farm characteristics (family size, operational land, tomato and pepper land, prize, yield, farm income, variable cost, fixed cost, total production cost, pesticide and biological control costs).
Measuring and comparing the economic performance of the sample farms
The classical economic analysis procedure was followed when calculating the annual economic performance of the farms implemented biological pest control and farms implemented chemical pest control. The production value, gross farm income, gross margin and net farm income were used as an indicator for economic performance. Production value was calculated by multiplying the quantity of the produced field and animal product with corresponding prices of products. The rent of the building, which was 5% of the value of building, and the off-farm income were summed to reach gross income. Total production costs were expressed as amounts used per hectare. Total production costs were divided into two groups such as variable and fixed costs. The variable cost included costs for seed and seedling, manure, pesticide, irrigation, electricity, version planting, fuel, marketing, shattering-solarization, frost protection, shading, insect netting, rope, labor and biological control cost. Depreciation, family labor, sharecropper, greenhouse, building, machinery depreciation and building repair were included into fixed costs. Gross margin was calculated by subtracting variable costs from gross production value. Net farm income was found by subtracting total production cost from gross income. The straight-line method was used when calculating depreciation cost. In this study, farm implemented biological pest control practice were compared to chemical ones in terms of measured variables. Student t test was used to test the mean of two farm group. Before comparison of two different farm groups, the distribution of the Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org continuous research variables was tested whether they were normally distributed, or not by using Kolmogorov Smirnov test.
Efficiency model for sample farms
Cluster analysis was used to select similar farms form the farm group of implemented biological pest control and farm group of chemical pest control in order to set ceteris paribus conditions. The profile of farm managers, which was created by compounding variables such as age, education, experience on agriculture, the variable of greenhouse production area and the variable of return on equity were included the cluster analysis. Based on the results of the cluster analysis, we determined that 28 biological pest control farms and 18 chemical pest control farms were similar. Then we used them when measuring the efficiency measures and comparing them. When estimating the production efficiency measures, the relative efficiency approach suggested by Farrell (1957) was adopted in the study. The study focused on the technical efficiency (TE) and its components that were scale efficiency (SE) and pure technical efficiency (PTE). Data envelopment analysis (DEA) procedure was followed to calculate efficiency scores. Based on the suggestions Charnes et al. (1978) and Banker et al. (1984) , we assumed that each farm produced tomato and/or pepper (Yi) using the most important inputs of pest control cost and variable costs excluding pest control cost (xi*). Since the farmers had the more control power over their inputs comparing to their outputs, the inputorientated efficiency model was constructed to estimate the efficiency scores. Input oriented efficiency scores under variable return to scale (VRS) were estimated by running the linear programming depicted below: Minimum λ., xi* wiT (xi*) Subject to -yi + Yλ ≥ 0 xi* -X λ ≥ 0 λ ≥ 0 In the equation, wi, the vector of an input price for i-th farm; T, transpose of function and xi*, input price, wi, with output level, Yi, minimum cost of input level was calculated via linear programming for each farm. This equation revealed the minimum cost under variable return to scale (VRS). Cost efficiency for each farm was estimated by using the formula of (CE) = wiT xi*/ wiT xi. Allocative efficiency was calculated by using the formula of AE= CE / TE (Coelli et all., 1998) . DEAP 2.1 package program which was developed by Coelli (1996) was used for the estimation of efficiency measurement.
Findings and Discussion
Research result revealed that the typical farmers was 49 years old and they had 6 years of schooling, on average. There were statistically significant differences between the groups in terms of farming experience, greenhouse cultivation experience and working time at farm. The mean family size of biological and chemical pest control was about 4 persons. Comparative analysis showed that the amount of farmland differed associated with farm groups (p<0,10). In the research area, the average land allocated to chemical control in tomato and pepper production were 0,8 and 0,6 hectares, respectively, while that of biological control were 1,6 and 0,4 hectares, respectively (p<0,10). The production value of pepper in chemical control group was greater than that of biological ones (p<0,05). However, the reverse was the case in tomatoes production (p<0,10). Regarding the crop yield, the yields of tomato and pepper in the farm group preferred the chemical control were higher than biological farm group (Table 3 .1). Based on the results of the economic analysis, total production costs for biological and chemical pest control groups were 178544,5 ₺/ha and 142366,6₺/ha, respectively. About by 66% of the total production costs was fixed costs, while 34% of it was variable costs in both biological pest control and chemical pest control. Family labor had the highest share and followed by sharecropper cost, seed and seedling cost and manure cost. There were statistically significant differences among the biological and chemical pest control farmers in terms of biological control costs, insect netting cost and shading cost at farm (p<0,01). But there were not statistically significant differences among pesticide used (Table 3 .1). Capital structures of the sample farms were depicted Table 3 .2. Total assets of the farms implemented chemical pest control was 1892962,3 (₺/ha), while that of farms implemented biological pest control was 1368784,9 (₺/ha). In addition, the current dept of chemical pest control farms was about twice that of biological pest control farms. There were statistically significant differences between the farm groups in terms of total Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org assets and total liability in the research area (p<0,01). In both groups, the share of the equity was 91% (Table 3 .2). (10) Annual economic performances of the sample farms were depicted Table 3 .3. Production value was 230391,596 ₺/ha, on average. Farms implemented biological pest control benefited by 3500 ₺/ha of government support for biological pest control, resulting in gaining high level of gross return comparing to farms implemented chemical pest (p<0,01). Regarding the net farm income, farms implemented biological pest control gained higher net farm income than that of farms implemented chemical pest control (p<0,01). However, the reverse was the case for gross farm income (Table 3. 3). The efficiency scores reflected different pattern in tomato and pepper production. When comparing the tomato and pepper farms, farms implemented chemical pest control had better technical efficiency scores and economic efficiency scores than that of farms implemented biological pest control, while the reverse was the case for allocative and scale efficiency scores. Regarding the patterns of efficiency scores in sample farms, pepper producer farms implemented biological pest control had better technical efficiency scores comparing to tomato producer farms, while the same was the case for allocative and economic efficiency scores. Despite the fact that these tomato producer farms have better biological pest control efficiency scores by chemical pest control, net profit is quite low. Pepper producer farms have better chemical pest control efficiency scores by biological pest control, net profit is high in chemical pest control farms. The technical efficiency of farms in terms of technical efficiency is divided into pure and scale efficiency. For the study area, especially in the biological pest control farms the reason for not being able to provide technical efficiency expressing the skill of the operator pure technical inefficiency. Pure technical inefficiency was the primary cause of scale inefficiency in tomato producers, but these reason for pepper was caused technical inefficiency (Table 3 .4). Based on the result of the scale efficiency analysis, 84,6% of tomato produce chemical pest control farms and 73,3% of biological pest control had increasing returns to scale, while rest of tomato produce farms had constant returns to scale and decreasing returns to scale. However, all the tomato and pepper produce chemical pest control hadn't decreasing returns to scale. Only tomato produce of biological pest control farms had decreasing returns to scale. Pepper producer of biological pest control farms must decrease total produce costs. Pepper producers of biological pest control farms have lower incomes because they are both less productive and excessive costs. On the other side, tomato producers of biological pest control farms have higher incomes because
Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org they are less total production costs according to chemical pest control (Table 3 .5).
The results of the efficiency analysis and some economic performance measurement associated by crop were given in 
Conclusions
Under the light of the research findings, biological pest control farms had disadvantage status due to high production cost. Therefore, these farms' net incomes were lower level comparing to chemical pest control farms, resulting in having lower level of efficiency scores in biological pest control farms. Regarding to productivity, there was no statistically difference between the farms implemented biological pest control and farms implemented chemical pest control in tomato production. However, implementing biological pest control affected the efficiency scores in sample farms. The allocative efficiency of the farms implemented the biological control was higher than that of chemical ones. However, the reverse was the case for economic efficiency scores. If sample farms implemented biological pest control measures reduced their input cost by 49% in tomato production, these farms would become economically full efficient farms.
In addition, 44% of the farms implemented biological pest control measures in tomato was technically inefficient. 62,8 % of the technical inefficiency was sourced by ability of farm managers. The yield of pepper in farms implemented biological pest control measures was about twice that of farms implemented chemical pest control measures. Due to the fact that farms implemented biological pest control measures in pepper was high biological cost, farms implemented chemical pest control measures had more agricultural income. But the net farms income of these farms was higher than the farms implemented chemical pest control measures by 30%. At the same time, all of these farms was increasing returns to scales, so they need to increase their scale. On the other side, it is clear that government subsidies for environmental protection have eliminated loss of farm income in the research area. Farmers should focus on the monitoring the input markets, especially input prices. The farmers' education programs may increase the information level of sample farms to reduce their expenditures up to efficient farm level. If farmers manage their farms by taking into account the price level and allocation of resources then they can increase their yield and reduce their input cost. Effective extension services may enhance the farmers' knowledge in managing their farms.
